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GESTURE-BASED CONTROL OF PLURAL
DEVICES IN AN ENVIRONMENT

BACKGROUND

Aspects of the present invention relate generally to hand
gesture control of computing devices and, more particularly,
to assigning hand gestures to one or more session devices
using a generated visual boundary and based on context.

Home and workplace environments can include comput-
ing devices that a user can control using hand gestures. In
one example, a wearable device includes one or more
sensors, the data of which 1s used to determine different hand
gestures made by a user wearing the device. Data defining
the determined hand gesture 1s provided to a controllable
computing device that executes a command that 1s associ-
ated with the gesture. In an environment with plural con-
trollable computing device, the user may control diflerent
ones of the devices using different hand gestures. In some
situations, the different devices may be programmed so that
a same gesture 1s used to control different functions of the
different devices depending on which device the user is
engaged with when they make the gesture.

SUMMARY

In a first aspect of the invention, there 1s a computer-
implemented method including: predicting, by a computing
device, devices for inclusion in an 1nterface; generating, by
the computing device, the interface including areas corre-
sponding to the devices; detecting, by the computing device,
a user selection of one of the areas of the interface; detecting,
by the computing device, a hand gesture associated with the
selected one of the areas; and transmitting, by the computing
device, data defining the hand gesture to a respective one of
the devices corresponding to the selected one of the areas,
thereby causing the respective one of the devices to execute
a command based on the hand gesture.

In another aspect of the invention, there 1s a computer
program product including one or more computer readable
storage media having program instructions collectively
stored on the one or more computer readable storage media.
The program instructions are executable to: predict devices
for inclusion 1n an interface, the predicted devices being a
subset of plural devices in a smart home environment;
generate the interface including areas corresponding to the
devices; map the areas to respective physical spaces; detect
a gesture of a hand in one of the physical spaces; and
transmit data defining the gesture to a respective one of the
devices corresponding to the one of the physical spaces,
thereby causing the respective one of the devices to execute
a command based on the gesture

In another aspect of the invention, there 1s system 1nclud-
Ing a processor, a computer readable memory, one or more
computer readable storage media, and program instructions
collectively stored on the one or more computer readable
storage media. The program instructions are executable to:
predict devices for inclusion 1n an interface, the predicting
being based on a combination of context and historical usage
of plural devices 1in an environment; generate the interface
including areas corresponding to the predicted devices;
detect a gesture of a hand 1n a physical space corresponding
to one of the areas; and transmit data defining the gesture to
a respective one of the devices corresponding to the one of
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2

the areas, thereby causing the respective one of the devices
to execute a command based on the gesture.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present invention are described in the
detailed description which follows, 1n reference to the noted
plurality of drawings by way of non-limiting examples of
exemplary embodiments of the present invention.

FIG. 1 depicts a computer infrastructure according to an
embodiment of the present invention.

FIG. 2 shows a block diagram of an exemplary process for
gesture-based controlling of multiple devices 1n accordance
with aspects of the mvention.

FIGS. 3 and 4 show an example of a user selecting areas
in an interface 1n accordance with aspects of the invention.

FIG. 5 shows an example of an interface where two areas
have been merged 1n accordance with aspects of the mven-
tion.

FIG. 6 shows an example of an interface where one area
has been split 1n accordance with aspects of the invention.

FIG. 7 shows a block diagram of an exemplary environ-
ment 1n accordance with aspects of the mmvention.

FIG. 8 shows a flowchart of an exemplary method 1n
accordance with aspects of the invention.

DETAILED DESCRIPTION

Aspects of the present invention relate generally to hand
gesture control of computing devices and, more particularly,
to assigning hand gestures to one or more session devices
using a generated visual boundary and based on context. A
user might wish to control a single device or plural devices
at a time using hand gestures. In this environment, the user
may wish to submit a command to a single device or plural
devices based on the current situation. For example, the user
may wish to submit a set of commands to a same device or
to multiple devices 1n sequence. However, to accomplish the
act of controlling plural different devices using hand ges-
tures, the user must engage with each device individually
prior to performing the hand gesture to control that device.
For example, to provide control gestures to two difierent
devices, the user must engage with the first device (e.g., by
speaking a wake word for the first device) and then perform
a hand gesture for the first device, and then engage with the
second device (e.g., by speaking a wake word for the second
device) and then perform a hand gesture for the second
device. This approach 1s disadvantageous because 1t 1s a
tedious way to provide hand gesture controls to devices 1n an
environment that has plural controllable devices, and
because the user cannot control plural devices simultane-
ously with a single hand gesture.

Aspects of the mnvention address this shortcoming of the
technology by presenting a visual display of plural control-
lable devices and permitting a user to select one or more
devices to control based on their hand position relative to the
visual display. In embodiments, the system predicts which
devices to 1include 1n the display based on the user’s historic
interactions and a context of the current situation. As a
result, the display at a first time (e.g., during a first session)
may differ from the display at a second time (e.g., during a
second session). In embodiments, the system determines
which device the user has selected to control based on the
position of the user’s hand relative to the display, determines
a gesture performed by the user, and provides data defining
the gesture to the selected device. In this manner, the user
can quickly and easily change which device they are con-
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trolling by moving their hand relative to the display, rather
than having to remember and say a different wake word for
cach controllable device. In accordance with further aspects
of the invention, the user may provide mput that combines
two areas of the display, so that a hand gesture performed in
this combined area of the display results 1n that command
being provided simultaneously to both devices associated
with the combined area of the display. In this manner, the
user may quickly and easily provide commands to two
devices simultaneously using a single hand gesture. Aspects
of the mvention thus improve automated environments by
providing a technical solution to the problem of how to
control plural different devices using hand gestures m a
user-iriendly (e.g., easy and eflicient) manner.

As described herein, implementations of the mvention
assign contextual meaning to a single gesture to multiple
session boundary visualizations (e.g., displays), where the
visualizations are refined by contextual surroundings and a
set of possible interactions for a given surrounding are
rendered.

Implementations of the invention predict and create one
or more session boundary visualizations ol one or more
devices or contextual situations based on the historical
learning of smartwatch and/or Io'T (Internet of Things) based
gesture recognition.

In embodiments, while submitting any gesture-based
command, a user may keep their hand position within a
defined session boundary and, based on this, the system
executes the gesture command with the devices assigned for
the session boundary.

In embodiments, the system shows the created session
boundaries on a smartwatch display. In this manner, with
appropriate haptic and display interfaces, the user can ascer-
tain the relative position of the user’s hand within different
session boundaries and, upon selecting any boundary, the
user can submit a gesture-based command to the device
associated with the selected boundary.

According to aspects of the invention, a user can navigate
from one session boundary to another session boundary with
hand movement around the visual surrounding or with touch
interaction on the smartwatch display surface. In this man-
ner, the user can select and interact with a desired session
boundary and execute the commands with the devices for
the selected session boundary.

In accordance with further aspects of the invention, a user
can utilize touch mput via a smartwatch or augmented
reality (AR) interaction to merge plural session boundaries
into a single boundary or to split one session boundary into
plural separate boundaries. In this aspect, the system assigns
devices to the merged or split session boundaries.

In implementations, the user can ascertain which sessions
are expired with appropriate visualization icons while ses-
sions are still active. As a result, the user can ascertain an
appropriate command to be submitted for any selected
session boundary.

In embodiments, the system expires sessions at variable
times 1n accordance with the types of devices that are part of
the session. For example, the act of putting down a news-
paper, e-reader, etc., finishes a reading session but does not
expire a session for a clam-shell style computer such as a
laptop or DVD player.

In accordance with aspects of the invention there 1s a
method to assign a single gesture to multiple session devices
by a generated session boundary, the method comprising:
identifying one or more IoT devices 1n a proximity of a user,
wherein each IoT device i1s configured to receive hand
gesture inputs; predicting based on historical usage, biomet-
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4

ric data and/or preferences, a user intends to mteract with at
least first IoT device; generating one or more session bound-
ary visualizations of one or more Io'T devices or contextual
situations based on the historical learning of smartwatch/IoT
based gesture recognition, wherein when the session bound-
aries are shown on the smartwatch display, with appropriate
haptic and display interfaces, the user can understand rela-
tive position of user’s hand within different session bound-
aries, and upon selecting any boundary, user can submit
gesture-based command; and while submitting any gesture-
based command, the user keeps their hand position within
the defined session boundary and accordingly the gesture
command will be executed with the devices assigned for the
session boundary. In the method, the user can navigate from
one session boundary to another session boundary with hand
movement around the visual surrounding or with touch
interaction on the smartwatch display surface. In the method
using touch with smartwatch or augmented reality interac-
tion, the user can merge or split one or more session
boundary and the display shows which sessions are expired
with appropriate visualization icons while sessions are still
active and accordingly the user can understand appropriate
commands to be submitted for any selected session bound-
ary.

It should be understood that, to the extent implementa-
tions of the invention collect, store, or employ personal
information provided by or obtained tfrom individuals, such
information shall be used 1n accordance with all applicable
laws concerning protection of personal information. Addi-
tionally, the collection, storage, and use of such information
may be subject to consent of the individual to such activity,
for example, through “opt-1n” or “opt-out” processes as may
be approprniate for the situation and type of information.
Storage and use of personal mnformation may be in an
appropriately secure manner retlective of the type of infor-
mation, for example, through various encryption and ano-
nymization techniques for particularly sensitive informa-
tion.

The present mnvention may be a system, a method, and/or
a computer program product at any possible technical detail
level of integration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium or media, as
used herein, 1s not to be construed as being transitory signals
per se, such as radio waves or other freely propagating
clectromagnetic waves, electromagnetic waves propagating
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through a waveguide or other transmission media (e.g., light
pulses passing through a fiber-optic cable), or electrical
signals transmitted through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
istructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written 1n any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or stmilar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor ol a computer, or other program-
mable data processing apparatus to produce a machine, such
that the 1nstructions, which execute via the processor of the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
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6

instructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or

blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of 1nstructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the blocks may occur out of the order
noted 1n the Figures. For example, two blocks shown in
succession may, in fact, be accomplished as one step,
executed concurrently, substantially concurrently, 1n a par-
tially or wholly temporally overlapping manner, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks 1n the block dia-
grams and/or flowchart i1llustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

Referring now to FIG. 1, a schematic of an example of a
computer inirastructure 1s shown. Computer infrastructure
10 1s only one example of a suitable computer infrastructure
and 1s not mtended to suggest any limitation as to the scope
of use or functionality of embodiments of the invention
described herein. Regardless, computer infrastructure 10 1s
capable of being implemented and/or performing any of the
functionality set forth hereinabove.

In computer infrastructure 10 there 1s a computer system
12, which 1s operational with numerous other general pur-
pose or special purpose computing system environments or
configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with computer system 12 include, but are not
limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputer systems, mainframe computer
systems, and distributed cloud computing environments that
include any of the above systems or devices, and the like.

Computer system 12 may be described in the general
context ol computer system executable instructions, such as
program modules, being executed by a computer system.
Generally, program modules may include routines, pro-
grams, objects, components, logic, data structures, and so on
that perform particular tasks or implement particular abstract
data types. Computer system 12 may be practiced in dis-
tributed cloud computing environments where tasks are
performed by remote processing devices that are linked
through a communications network. In a distributed cloud
computing environment, program modules may be located
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in both local and remote computer system storage media
including memory storage devices.

As shown in FIG. 1, computer system 12 in computer
infrastructure 10 1s shown 1n the form of a general-purpose
computing device. The components of computer system 12
may include, but are not limited to, one or more processors
or processing units 16, a system memory 28, and a bus 18
that couples various system components including system
memory 28 to processor 16.

Bus 18 represents one or more of any of several types of
bus structures, including a memory bus or memory control-
ler, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus archi-
tectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (IMCA) bus, Enhanced ISA
(EISA) bus, Video Flectronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

Computer system 12 typically includes a variety of com-
puter system readable media. Such media may be any
available media that i1s accessible by computer system 12,
and 1t includes both volatile and non-volatile media, remov-
able and non-removable media.

System memory 28 can include computer system readable
media 1n the form of volatile memory, such as random
access memory (RAM) 30 and/or cache memory 32. Com-
puter system 12 may further include other removable/non-
removable, volatile/non-volatile computer system storage
media. By way of example only, storage system 34 can be
provided for reading from and writing to a non-removable,
non-volatile magnetic media (not shown and typically called
a “hard drive™). Although not shown, a magnetic disk drive
for reading from and writing to a removable, non-volatile
magnetic disk (e.g., a “floppy disk”), and an optical disk
drive for reading from or writing to a removable, non-
volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 18 by one or more data media
interfaces. As will be further depicted and described below,
memory 28 may include at least one program product having,
a set (e.g., at least one) of program modules that are
configured to carry out the functions of embodiments of the
invention.

Program/utility 40, having a set (at least one) of program
modules 42, may be stored in memory 28 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an 1mple-
mentation of a networking environment. Program modules
42 generally carry out the functions and/or methodologies of
embodiments of the mnvention as described herein.

Computer system 12 may also communicate with one or
more external devices 14 such as a keyboard, a pointing
device, a display 24, etc.; one or more devices that enable a
user to interact with computer system 12; and/or any devices
(c.g., network card, modem, etc.) that enable computer
system 12 to commumnicate with one or more other comput-
ing devices. Such communication can occur via Input/
Output (I/0) mnterfaces 22. Still yet, computer system 12 can
communicate with one or more networks such as a local area
network (LAN), a general wide area network (WAN), and/or
a public network (e.g., the Internet) via network adapter 20.
As depicted, network adapter 20 communicates with the
other components of computer system 12 via bus 18. It
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should be understood that although not shown, other hard-
ware and/or software components could be used in conjunc-
tion with computer system 12. Examples, include, but are
not limited to: microcode, device drivers, redundant pro-
cessing units, external disk drive arrays, RAID systems, tape
drives, and data archival storage systems, eftc.

FIG. 2 shows a block diagram of an exemplary process for
gesture-based controlling of multiple devices in accordance
with aspects of the invention. At step 201, a user registers
with the system. The system stores the user registration data
in a data corpus 202. The user may add devices to the system
at step 203 and remove devices from the system at step 204
at any time. A device 1n this context refers to a computing
device, such as an IoT device, that 1s controllable using hand
gestures. Adding a new device includes registering the
device with the system and the system storing device data 1n
the data corpus 202. Removing a device includes de-regis-
tering the device with the system and the system deleting
device data from the data corpus 202. At step 205, the
system 1dentifies device feeds, e.g., feeds of registered
devices identified 1n the corpus. At step 206, based on
historical data, the system determines contextual commands
per device. In embodiments, this includes analyzing the
historical data of a device to i1dentity situations where the
user provided multiple gesture-based commands to the
device. At step 207, the system maps the devices with
contexts. In embodiments, this includes analyzing historical
data of the device and historical context data to determine
contexts 1 which the user provides a particular gesture-
based command to the device, thereby mapping diflerent
gesture-based commands to different contexts for the device.

With continued reference to FI1G. 2, at step 208 the system
defines an interface (also referred to as a boundary) based on
a default format. In embodiments, the system classifies the
interface by assigning each of the devices in the interface.
The default format of interface may be based on an 1nterface
data object 209. At step 210, the system determines whether
there 1s user customization for the interface. If there 1s no
customization, then at step 211 the system derives a virtual
mapping for the default imterface. In embodiments, the
mapping includes assigning each device to a unique area
(also called a session) within the interface for a predicted
time span. If there 1s customization, then at step 212 the
system obtains data defining the customization from the data
corpus 202. For example, this user may have previously
interacted with the system and defined a customization for
the way the interface 1s dlsplayed and the system saves data
defining this customization in the data corpus 202. When
this user subsequently 1nteracts with the system, the system
recognizes the user and automatically obtains this data. At
step 213, the system customizes the interface based on the
data defining this customization, aifter which the process
proceeds to step 211 where the system derives a virtual
mapping for the customized interface. In embodiments, the
mapping includes assigning each device to a unique area
(also called a session) within the customized interface for a
predicted time span.

At step 214, the system maps the areas 1n the interface to
physical space in the vicinity of the user. In embodiments,
the system defines a respective three-dimensional volume in
physical space for each of the areas 1n the interface. In this
manner, when the system detects the user’s hand 1n one of
the volumes 1n physical space, the system equates this to the
user’s hand being in the area of the interface associated with
that particular volume, thus providing a mechanism for the
user to provide mput to select which of the devices to control
with a gesture.
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Still referring to FIG. 2, at step 215 the system displays
the interface to the user. In embodiments, the system dis-
plays the interface on a smartwatch display or an AR display.
Box 215a shows an example of the interface including
different areas that correspond to different controllable
devices (e.g., washing machine, thermostat, robot cleaner,
music system, water plants, and lighting system) that are
registered with the system.

At step 216, the system tracks movement of the user’s
hand in physical space. In embodiments, the system uses one
or more sensors to determine the position of the user’s hand
in physical space in real time (or near real time). The sensors
may 1include but are not limited to one or more of: a
gyroscope 1n the smartwatch, an accelerometer in the smart-
watch, a camera 1n the smartwatch, an ultrasonic sensor 1n
the smartwatch, and an infrared sensor in the smartwatch.
The system may also use one or more sensors outside of the
smartwatch including, for example, one or more cameras 1n
the smart-home environment. The system may determine the
position of the user’s hand in physical space using the data
from one or more of these sensors using position determi-
nation techniques. As indicated at arrow 217, the system
provides feedback to the user based on detecting the user’s
hand 1n the space associated with one of the areas of the
display. The feedback may be haptic and/or visual. In a
haptic implementation, the system may cause the smart-
watch to vibrate a unique vibration (or set of vibrations)
depending on the area of the interface in which the user’s
hand 1s located. In a visual implementation, the system
updates the display of the interface to highlight the area of
the interface in which the user’s hand 1s located. In either
mannet, the feedback allows the user to ascertain which area
of the interface their hand 1s currently in so that they know
which device they will control when providing a hand
gesture.

With continued reference to FIG. 2, at step 218 the system
detects a gesture the user performs with their hand that 1s 1n
one of the defined physical spaces (from step 214). In
embodiments, the system uses data from one or more of the
sensors (e.g., the one or more sensors described at step 216)
and hand gesture determination techniques to detect the type
ol gesture.

At step 219, the system provides a command correspond-
ing to the detected gesture (from step 218) to the device
currently selected 1n the interface. In embodiments, the
system transmits data to the selected device, the data defin-
ing the detected gesture. As a result, the selected device
receives the gesture-based command from the user and
executes the command according to the device setup. In this
manner, the user may utilize the system to provide gesture-
based commands to plural devices quickly and easily by
positioning their hand 1n a physical space that corresponds
to an area in the iterface and then performing the hand
gesture while their hand 1s 1n the same physical space. As
indicated at arrow 220, the system continues to track the
user’s hand in physical space after the user makes a gesture.
In this manner, the user can quickly and easily switch to
another device by moving their hand to another physical
space corresponding to the area of the other device 1n the
interface, and then perform another hand gesture 1n this
space to provide a different command to the other device.

Still referring to FIG. 2, i accordance with further
aspects of the mnvention the user may provide input to merge
or split areas of the mterface. In a merge implementation, the
user provides mput to merge two or more areas of the
interface into a single area. Then, when the user selects this
single area and provides a hand gesture, the system sends the
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data defining that hand gesture to all the plural devices
associated with that single area. Using the interface 215a as
an example, the user may provide mput to merge the music
system and lighting system areas. Then when the user’s hand
1s detected 1n the physical space corresponding to these areas
and the user provides a gesture, the system detects this single
gesture and provides a command based on this gesture to
cach of the music system and lighting system. In this
manner, a user may control two devices simultaneously with
a single gesture. In a split implementation, the user provides
input to split a single area of the interface into two or more
sub-areas, with each of the sub-areas corresponding to a
sub-system of the device. Using the interface 215aq as an
example, the user may provide 1nput to split the water plants
area into two sub-areas, each corresponding to different
sub-systems of the plant watering system. Then the user may
provide gesture-based commands individually to the sub-
systems based on placing their hand in the physical space
associated with the desired subsystem. In this manner, a user
may control sub-systems of a single device separately. In
both the merge and split implementations, the system refines
the mapping of the physical space based on the merge or
split, as indicated at arrow 222. Optionally, as indicated at
arrow 223, the system saves the merge or split interface as
a customized interface in the data corpus 202. In this
manner, the next time the user interacts with the system, the
system will obtain this customization data at step 212 and
customize the interface at step 213 as described herein.

In accordance with additional aspects of the invention, the
system permits a user to select one of the areas of the
interface using touch input to the touchscreen display of the
smartwatch. For example, the system may show that the user
has a particular area of the interface selected, e.g., according
to steps 215 and 216. In this example, the user may override
the mnitial area selection (e.g., based on their hand position
in a physical location) by touching a different area of the
interface displayed on the smartwatch. The user may then
perform a hand gesture to provide a command to the device
associated with the area they selected via touch. In this
manner, the user may quickly and easily override the system
area determination by touch selection to the smartwatch. In
this embodiment, the system may be configured to re-define
the physical areas based on the user overrnide. For example,
the system may be configured to detect the physical location
of the user’s hand when the user performs the gesture
immediately after the override. The system may then re-
perform step 214 using detected physical location of the
user’s hand as the starting point, 1.e., as being mapped to the
area of the interface that the user selected with the override,
and then map the other areas of the interface to respective
physical spaces relative to that starting point.

In accordance with additional aspects of the invention, the
system permits a user to push their customized interface to
another user. As described herein, a user may customize
their interface for a particular embodiment. The customiza-
tion may include, for example, merging certain areas and/or
splitting other areas of the interface for devices 1n the user’s
home. There are situations where a diflerent user might visit
the same environment and wish to utilize the customized
interface of the first user who has already optimized the
interface for this particular embodiment. In this example,
when the second user registers with the system (e.g., at step
201), the system pushes the first user’s customized interface
to the second user. In this example, when the second user
wishes to provide gesture-based controls to one or more
device 1n the environment, the system displays the custom-
ized interface on the second user’s smartwatch (instead of
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the default intertace). In this manner, the first user may share
their optimized interface layout with a guest who 1s visiting,
the environment. In embodiments, the first user saves their
customized tertace (e.g., in the data corpus 202) and
adjusts the settings of the system to push the customized
interface to other users that register with the system.

FIGS. 3 and 4 show an example of a user selecting areas
in the interface. As shown 1n FIG. 3, the user’s smartwatch
305 displays the interface 213a" with the washing machine
selected due to the user’s hand 310 being detected 1n the
physical space that 1s mapped to the washing machine area.
In the example of FIG. 3, it the user makes a gesture with
their hand 1n this physical space, then the system will send
the gesture command to the washing machine. As shown in
FIG. 4, the user moves their hand 310 (e.g., downward 1n
this example as indicate by arrow 3135) and the system
detects this movement to a different physical space mapped
to the music system area of the interface 215a". As a result,
the system changes the interface 215q" to highlight the
music system area. In the example of FIG. 4, 11 the user
makes a gesture with their hand in this physical space, then
the system will send the gesture command to the music
system.

FIG. 5 shows an example of the interface 2154™ where
two areas have been merged. In this example, the washing
machine and thermostat areas are merged 1nto a single area.
In the example of FIG. 5, 1t the user makes a gesture with
their hand 1n the physical space mapped to the merged area,
then the system will send the gesture command to both the
washing machine and the thermostat.

FIG. 6 shows an example of the mterface 215a"" where
one area has been split. In this example, the music system
area 1s split into separate musicl and music2 sub-areas. In
the example of FIG. 6, the user can individually control
separate sub-systems of the music system (e.g., subsystem
musicl and subsystem music2, for example speakers 1n a
first room and different speakers in a second room) by
selecting the appropriate sub-area.

FIG. 7 shows a block diagram of an exemplary environ-
ment 1n accordance with aspects of the imnvention. In embodi-
ments, the environment includes a smartwatch 705 and
plural devices 710a-r connected to a network 715. The
network 715 may comprise a LAN such as a home network,
although other networks and combinations of networks may
be used. The smartwatch 705 may correspond to the smart-
watch 305 shown 1n FIGS. 3-6 and described in FIGS. 2-6.
The devices 710a-n comprise any number “n”” of computing
devices that are configured to be controlled using gesture-
based commands. Such devices are typically found in smart
home environments and may include smart appliances (e.g.,
washing machine, refrigerator, stove, etc.), smart lighting
systems (e.g., smart bulbs and smart outlets), smart thermo-
stats, networked music systems (e.g., single or multi-room
audio systems connected to the home network), robotic
cleaners (e.g., smart vacuums), and smart watering systems
(e.g., single or multi-zone lawn sprinkler systems). These
example are not limiting and other types of devices may be
used. The devices 710a-n are configured to execute func-
tions 1n response to recerving commands defined in terms of
gestures. Typical gestures include hand gestures such as
swiping, twisting, pinching, poking, etc. Using the music
system as an example, control gestures may include: swip-
ing a hand to the right to fast forward, swiping a hand to the
left to rewind, twisting the hand clockwise to increase the
volume, twisting the hand counterclockwise to decrease the
volume, poking using a finger to pause or restart, and
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pinching using plural fingers to turn off. These gestures are
merely exemplary, and other gestures may be used with the
devices 710a-n.

In embodiments, different ones of the devices 710a-r» may
be programmed with diflerent gestures. Additionally, certain
ones of the devices 710a-» may be programmed with the
same gestures as other ones of the devices 710a-n. For
example, the music system may be programmed with twist-
ing the hand clockwise to increase the volume and twisting
the hand counterclockwise to decrease the volume, and the
lighting system may be programmed with twisting the hand
clockwise to increase the brightness and twisting the hand
counterclockwise to decrease the brightness.

In embodiments, the smartwatch 705 comprises at least
one sensor 707 that 1s used to detect a location of a user’s
hand wearing the smartwatch 705 and/or a gesture made by
the hand. The at least one sensor 707 may include one or
more of: a gyroscope 1n the smartwatch, an accelerometer in
the smartwatch, a camera in the smartwatch, an ultrasonic
sensor 1n the smartwatch, and an infrared sensor in the
smartwatch. The environment may also use one or more
sensors 730 outside of the smartwatch including, for
example, one or more cameras, proximity sensors, etc., 1
the smart-home environment.

According to aspects of the invention, the environment
includes a hub 720 also connected to the network 715. The
hub 720 1s a computing device that includes one or more
clements of the computer system/server 12. In embodiments,
the hub 720 stores a data corpus 722, which may be the data
corpus 202 of FIG. 2. In embodiments, the hub 720 com-
prises a registration module 723, analysis module 724,
interface module 725, and command module 726, each of
which may comprise one or more program modules such as
program modules 42 described with respect to FIG. 1. In
implementations, the modules 723-726 are programmed to
carry out the functions described with respect to FIG. 2. The
hub 720 may include additional or fewer modules than those
shown i FIG. 7. In embodiments, the functionality of
separate modules may be integrated into a single module.
Additionally, or alternatively, the functionality of a single
module may be implemented as multiple modules. More-
over, the quantity of devices and/or networks in the envi-
ronment 15 not limited to what 1s shown 1 FIG. 7. In
practice, the environment may include additional devices
and/or networks; fewer devices and/or networks; different
devices and/or networks; or differently arranged devices
and/or networks than illustrated 1n FIG. 7.

In accordance with aspects of the invention, the registra-
tion module 723 1s configured to register users with the
system as described at step 201 of FIG. In embodiments, the
registration module 723 1s also configured to add/remove
devices 710a-r to/from the system as described at steps 203
and 204 of FIG. 2.

In accordance with aspects of the mvention, the analysis
module 724 1s configured to determine contexts and histori-
cal usage of the devices 710q-r, and to map contexts to
devices as described at steps 205, 206, and 207 of FIG. 2. In
accordance with aspects of the invention, the analysis mod-
ule 724 1s further configured to predict which devices from
all devices 710a-r to include 1n the interface at any particu-
lar time. It 1s envisioned that the number of devices 710a-#
exceeds the number of areas 1n the intertace. In this scenario,
because not all devices can be represented by an area 1n the
interface at the same time, the system predicts which devices
the user 1s most likely to interact with and includes these
predicted devices 1n the display. The prediction can be based
on current context, historical usage of the devices, or both.
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Because the context and historical usage patterns can be
different at different times, the predicted devices included 1n
the display can be different at diflerent times. As a result, the
interface may include different subsets of the devices 710a-
at different times based on the prediction.

Context may be based on a state of one or more of the
devices 710a-n. State may include on and off state of a single
device. For example, if a smart oven 1s turned on {for
cooking, then that can be an 1ndicator that the user 1s likely
to iteract with the oven, and the analysis module 724 takes
this state nto account when predicting which devices to
include 1n the interface. In another example, 1f smart lights
in a room are ofl and the user enters the room, then this can
be an indicator that the user 1s likely to interact with the
lights (e.g., to turn them on), and the analysis module 724
takes this state into account when predicting which devices
to include 1n the interface. State may also include the on and
ofl state of plural devices. For example, 11 the smart televi-
sion 1s on and the user receives a telephone call on their
smart speaker, then this can be an indicator that the user 1s
likely to interact with the both the television (e.g., to turn
down the volume) and the smart speaker (e.g., to answer the
call), and the analysis module 724 takes these states into
account when predicting which devices to include in the
interface. These examples are for illustration and not
intended to be limiting. Other contexts may be used in
predicting which devices to include in the display.

Historical usage may be based on how the user has
interacted with one or more of the devices 710a-# 1n the past.
The analysis module 724 may be programmed to analyze the
data corpus to determine patterns of historical usage of the
devices 710a-n. For example, analysis of the data corpus
may reveal that the user interacts with the smart speaker
every day at 7:00 AM (e.g., to play news radio), and the
analysis module 724 takes this pattern into account when
predicting which devices to include 1n the intertace at 7:00
AM. This example 1s for illustration and not intended to be
limiting. Other historical usages may be used in predicting
which devices to include 1n the display.

A combination of context and historical usage may be
based on how the user has interacted with one or more of the
devices 710a-n 1n the past relative to the state of one or more
other devices 710a-n. For example, analysis of the data
corpus may reveal that when the user interacts with the oven
and music system during a same time period, the user
subsequently interacts with the lighting system (e.g., to turn
on lights 1n the dining room) and also interacts with a smart
speaker (e.g., to intercom call family members to dinner). In
this example, the analysis module 724 takes this pattern and
context mto account when predicting which devices to
include 1n the interface at a time when the user 1s interacting
with the oven and music system during a same time period.
This example 1s for illustration and not intended to be
limiting. Other combinations of context and historical usage
may be used in predicting which devices to include in the
display.

In accordance with aspects of the invention, the interface
module 725 1s configured to generate the intertace, map the
interface to physical space, and cause the smartwatch to
display the interface as described at steps 208-215 of FIG.
2. In embodiments, 1n response to the analysis module 724
predicting which devices to include 1n the interface at a
given time, the interface module 725 generates the interface
to mclude areas corresponding to the precited devices. For
example, 1f there are nine devices 710a-» and the analysis
module 724 predicts the user 1s most likely to interact with
a particular six of those nine right now, then the interface
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module 725 generates the interface to include six areas
corresponding to the six precited devices. In this manner, the
interface includes areas corresponding to the devices that the
system thinks the user 1s most likely to interact with based
on the current time, context, and historical usage patterns. In
embodiments, the interface module 7235 generates the inter-
face using a default template, e.g., based a stored data object
defining the default template. In other embodiments, the
interface module 7235 generates the interface using data that
defines a customized interface, for example, based on a
user’s prior input to the system that define the customization.
In one example, the customization may include merged or
split areas of the iterface previously defined by the user. In
another example, the customization may include different
devices to include 1n the interface at different times of day
or 1n different contexts.

In 1implementations, the interface module 725 maps the
generated interface to physical space and causes the smart-
watch to display the interface. As described with respect to
FIG. 2, the mapping may include defining a respective
three-dimensional volume 1n physical space for each of the
areas 1n the interface. In embodiments, the interface module
725 causes the hub 720 to transmit data to the smartwatch
703 that causes the smartwatch 705 to display the interface.
In embodiments, the interface module 723 1s also configured
to perform the merge and/or split functions described with
respect to steps 221-223 of FIG. 2.

In accordance with aspects of the mnvention, the command
module 726 1s configured to detect a location of a user’s
hand 1n space (e.g., as at step 216 of FIG. 2), detect a gesture
(e.g., as at step 218 of FIG. 2), and i1ssue a command to a
device based on the gesture (e.g., at step 219 of FIG. 2). In
embodiments, the command module 726 detects a position
in physical space of a user’s hand wearing the smartwatch
703 using position determination techniques with data from
one or more of the sensors 707 and/or 730. In embodiments,
the command module 726 detects a gesture by a hand
wearing the smartwatch 705 using gesture determination
techniques with data from one or more of the sensors 707
and/or 730. In embodiments, the command module 726 uses
the mapping (from steps 211 and 214 of FIG. 2) to determine
which device 1s selected based on which physical space the
hand 1s detected in. According to aspects of the invention,
based on detecting a hand gesture and determining which
device 1s selected, the command module 726 transmits data
defining the hand gesture to the selected one of the devices,
thereby causing the selected one of the devices to execute a
command based on the hand gesture.

FIG. 7 shows the data corpus 702 and modules 723-726
as part ol the hub 720. In other implementations, one or
more of the data corpus 702 and one or more of the modules
723-726 1s included 1n the smartwatch 703. In a particular
embodiment, the functionality of all the modules 723-726 1s
programmed 1n one or more program modules included on
and executed by the smartwatch 705.

FIG. 8 shows a flowchart of an exemplary method 1n
accordance with aspects of the present invention. Steps of
the method may be carried out 1n the environment of FIG.
7 and are described with reference to elements depicted 1n
FIG. 7.

At step 803, the system predicts devices for inclusion 1n
the interface. In embodiments, and as described with respect
to FIG. 7, the analysis module 724 predicts a subset of
devices from all devices 710a-r that the user 1s most likely
to interact with at the current moment. The prediction may
be based on context, historical usage, or both.
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At step 810, the system generates an interface including
areas corresponding to the devices that were predicted at
step 805. In embodiments, and as described with respect to
FIG. 7, the interface module 725 generates the interface,
maps the areas of the mterface to physical space, and causes
the smartwatch to display the interface.

At step 813, the system detects a user selection of one of
the areas of the interface that was generated at step 810. In
embodiments, and as described with respect to FIG. 7, the
command module 726 detects the user’s hand 1n the physical
space corresponding to one of the areas of the interface. Step
815 may include providing feedback to the user based on the
detecting the user selection of the one of the areas of the
interface. As described herein, the feedback may be haptic
and/or visual.

At step 820, the system detects a hand gesture for the area
that was selected at step 815. In embodiments, and as
described with respect to FIG. 7, the command module 726
detects the gesture using one or more sensors.

At step 825, the system transmits data defining the hand
gesture (from step 820) to a respective one of the devices
corresponding to the selected one of the areas. In embodi-
ments, and as described with respect to FIG. 7, the command
module 726 transmits data defining the detected gesture to
the selected one of the devices 710a-n, which causes the
device to execute a command based on the gesture.

In embodiments, a service provider could ofler to perform
the processes described herein. In this case, the service
provider can create, maintain, deploy, support, etc., the
computer inirastructure that performs the process steps of
the mvention for one or more customers. These customers
may be, for example, any business that uses technology. In
return, the service provider can receive payment from the
customer(s) under a subscription and/or fee agreement and/
or the service provider can receive payment from the sale of
advertising content to one or more third parties.

In still additional embodiments, the invention provides a
computer-implemented method, via a network. In this case,
a computer infrastructure, such as computer system/server
12 (FIG. 1), can be provided and one or more systems for
performing the processes of the invention can be obtained
(e.g., created, purchased, used, modified, etc.) and deployed
to the computer inirastructure. To this extent, the deploy-
ment of a system can comprise one or more of: (1) installing
program code on a computing device, such as computer
system/server 12 (as shown in FIG. 1), from a computer-
readable medium; (2) adding one or more computing
devices to the computer infrastructure; and (3) mncorporating
and/or modilying one or more existing systems of the
computer inirastructure to enable the computer infrastruc-
ture to perform the processes of the mvention.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:

1. A method, comprising:

predicting, by a hub computing device, devices for inclu-

sion 1n an interface, the predicted devices being a
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subset of plural devices 1n a smart home environment,
wherein each of the plural devices 1s configured to
execute functions 1n response to recerving commands
defined 1n terms of gestures;
generating, by the hub computing device, the interface
including areas corresponding to the devices;
cause a smartwatch worn by a user to display the inter-
face;
map the areas to respective physical spaces;
detecting, by the hub computing device, a hand gesture of
the user in one of the physical spaces using data from
a sensor 1n the smartwatch; and
transmitting, by the hub computing device, data defining
the hand gesture to a respective one of the devices
corresponding to the one of the physical spaces,
thereby causing the respective one of the devices to
execute a command based on the hand gesture, wherein
the transmitting comprises transmitting the data from
the hub computing device to the respective one of the
devices.
2. The method of claim 1, wherein the predicting 1s based
on context.
3. The method of claim 1, wherein the predicting 1s based
on historical usage.
4. The method of claim 1, wherein the predicting 1s based
on a combination of context and historical usage.
5. The method of claim 1, further comprising;:
receiving user mput to merge two of the areas of the
interface mto a merged area, the two of the areas
comprising a first area associated with a first one of the
devices and a second area associated with a second one
of the devices:
re-generating the interface showing the merged area;
detecting a user selection of the merged area;
detecting another hand gesture associated with merged
area; and
transmitting data defining the other hand gesture to the
first device and the second device, thereby causing the
first device and the second device to execute respective
commands each based on the other hand gesture.
6. The method of claim 1, further comprising:
receiving user mput to split one of the areas of the
interface into two sub-areas;
re-generating the interface showing the two sub-areas;
detecting a user selection of one of the two sub-areas;
detecting another hand gesture associated with the
selected one of the two sub-areas;
transmitting data defining the other hand gesture to one of
the devices corresponding to the selected one of the two

sub-areas, thereby causing a sub-system of the one of
the devices to execute a command based on the other
hand gesture.
7. The method of claim 1, further comprising:
recetving user input, from a first user device, defining
customization of the interface;
storing data defining the customization of the interface;
recetving mput from a second user device;
generating a customized interface using the data defining
the customization of the interface; and
pushing the customized interface to the second user
device.
8. The method of claim 1, further comprising providing,
teedback to the user based on the detecting the hand gesture.
9. The method of claim 8, wherein the feedback 1s haptic.
10. The method of claim 8, wherein the feedback 1s visual
in the interface.
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11. A computer program product comprising one or more

computer readable storage media having program instruc-
tions collectively stored on the one or more computer
readable storage media, the program instructions executable
to cause a hub computing device to:

predict devices for inclusion 1n an interface, the predicted
devices being a subset of plural devices 1n a smart home
environment, wherein each of the plural smart devices
1s configured to execute functions 1n response to rece1v-
ing commands defined in terms of gestures;
generate the interface including areas corresponding to
the devices;
cause a smartwatch worn by a user to display the inter-
face;
map the areas to respective physical spaces;
detect a gesture of a hand, of the user, in one of the
physical spaces using data from a sensor 1n the smart-
watch; and
transmit data defining the gesture to a respective one of
the devices corresponding to the one of the physical
spaces, thereby causing the respective one of the
devices to execute a command based on the gesture,
wherein the transmitting comprises transmitting the
data from the hub computing device to the respective
one of the devices.
12. The computer program product of claim 11, wherein:
a total number of the plural smart devices exceeds a
number of spaces 1n the interface; and
the predicting 1s based on:
context that 1s based on an on and off state of each
respective one of the plural smart devices; and
historical usage that 1s based on how the user has
interacted with one or more of the plural smart
devices 1n the past.
13. The computer program product of claim 11, wherein

the program instructions are executable to provide feedback
to the user based on detecting the hand in different ones of
the respective physical spaces.

14. The computer program product of claim 13, wherein

the feedback 1s haptic feedback emitted by the smartwatch.

15. The computer program product of claim 13, wherein

the feedback 1s visual in the interface displayed on the
smartwatch.

16. A system comprising:
a processor, a computer readable memory, one or more
computer readable storage media, and program instruc-
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tions collectively stored on the one or more computer
readable storage media, the program instructions
executable to cause a hub computing device to:

predict devices for inclusion in an 1interface, the predicting
being based on a combination of context and historical
usage of plural devices 1n a smart home environment,
wherein the predicted devices comprise a subset of the
plural devices in the smart home environment, and
wherein each of the plural devices 1s configured to
execute functions 1n response to receiving commands
defined 1n terms of gestures;

generate the interface including areas corresponding to
the predicted devices;

cause a smartwatch worn by a user to display the inter-
face;

map the areas to respective physical spaces;

detect a gesture of a hand, of the user, 1n one of the
physical spaces corresponding to one of the areas using
data from a sensor in the smartwatch; and

transmit data defining the gesture to a respective one of
the devices corresponding to the one of the physical
spaces, thereby causing the respective one of the
devices to execute a command based on the gesture,
wherein the transmitting comprises transmitting the
data from the hub computing device to the respective
one of the devices.

17. The system of claim 16, wherein the program instruc-

tions are executable to:

recerve user mput to merge two of the areas; and

re-generate the interface showing a merged area 1n place
of the two of the areas.

18. The system of claim 16, wherein the program instruc-

tions are executable to:

receive user mput to split one of the areas; and

re-generate the interface showing two sub-areas in place
of the one of the areas.

19. The system of claim 16, wherein the program instruc-

tions are executable to:

recerve user mput defining a customization of the inter-
face:

store data defining the customization;

generate a customized interface using the data defining

the customization; and
automatically push the customized interface to a guest

device.
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